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Introduction
One of the main questions in modern financial literature is whether financial asset returns are predictable. The predictability of asset returns is of particular interest for both academic and practitioners. Active portfolio managers are looking for recognizable patterns in history of past returns that requires, at least to some extent, a certain degree of predictability in order to produce higher returns. Most practitioners involved in active management are looking for trading rules that would maximize profits within a certain period. In this sense, they assume that it is possible to predict returns from past returns.
In contrast, most asset pricing models assume that one cannot forecast future returns using past returns, usually called the random walk hypothesis. It is important to notice that financial asset prices may have different stochastic processes governing their behavior. The rejection of the random walk hypothesis would lead to question most financial models that use this assumption.
The issue whether returns on stocks are predictable using past returns has been subject of extensive research in the financial literature. Lo and MacKinlay (1988, 1989) have put a framework for testing whether returns can be forecasted using past returns.
They suggest testing for serial correlation between returns at different dates using variance ratio statistics. Their main idea is to test whether returns follow a random walk process, which would imply the absence of serial correlation. If one cannot reject that returns follow a random walk then stock markets would be weak-form efficient.
Assessing empirically whether this is a valid assumption is an important issue on it's own. This explains the huge literature found focusing this topic. However, in this paper we not only assess whether the Brazilian stocks that issued American Depository Receipts (ADRs) follow a random walk but we also test whether the Brazilian ADRs program has put a structural break on the dynamics of asset prices.
Cross-listing could have increased domestic efficiency in two ways. Firstly, stocks now could be traded by a greater number of investors (expansion of the shareholder base) and liquidity would rise which could increase efficiency domestically on those stocks. Finally, arbitrage arguments could be used to explain why stocks prices listed in two stock exchanges should converge and in this sense there could be a spillover effect from one market to the other, increasing efficiency.
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Research on dual listing focuses on the effects around the date securities are listed on U.S. stock exchanges and search for the significance of abnormal returns or changes in domestic volatility around that date. In our paper we use this date in order to test if the dynamics of asset prices change with the introduction of the ADRs 1 .
The contribution of this paper is that it tests whether the Brazilian ADRs program has increased domestic market efficiency. We put together two different strands in the financial literature. In one hand, we have a lot of research focusing on the impact of cross-listing on domestic markets and in the other hand, we have a huge literature analyzing the Random Walk Hypothesis (RWH) for stock markets. In order to do so the multiple variance ratio of Chow and Denning (1993) is used. The RWH is tested before and after the launching of the ADRs program for domestic firms. In order to assess whether there has been a structural change we use a sign test (nonparametric test) for the variance ratio statistics.
The paper is organized as follows. In the next section, a literature review is done and we put in perspective authors contributions for different markets. In section 3, we review the theory and methodology used in this paper. In section 4 empirical results are shown and some inferences on the results are made. Section 5 concludes the paper.
Literature Review
A lot of research has been done in testing whether stock prices follow random walks. Evidence for U.S. stock prices suggests that prices do not follow random walks. Fama and French (1987) found evidence suggesting that for North-American stocks 25 to 40 percent of the variation of longer-term returns were predictable from past returns.
Lo and MacKinlay (1988) used a variance ratio methodology to assess whether stocks on the North-American market followed random walks. Their findings suggest that stock prices do no follow random walks.
Many tests have been made on international markets. Frennberg and Hansson (1993) test the RWH on the Swedish stock market. Their results suggest that Swedish stock prices have not followed a RW in the past 72 years. As the sample interval 6 increases they have found evidence on mean reversion as the variance ratios goes below unity. Ayadi and Pyun (1994) show that under the assumption of homoscedastic error terms the RWH for the Korean Stock Exchange is rejected. However, if this assumption is relaxed and heteroscedastic disturbance is allowed the RWH cannot be rejected. Shastri and Shastri (1994) analyze stocks in the Tokyo Stock Exchange and found evidence supporting the RWH for medium and large-sized stocks but found evidence that returns on small stocks do not follow a random walk. Huang (1995) analyzes Asian stock markets and finds evidence that the RWH is rejected for the Hong Kong, Singapore and Thailand markets using the heteroscedasticity-consistent variance ratio estimator.
Most of the studies cited before used variance ratio statistics to assess whether the RWH should be rejected. This statistic is used in the financial literature in many other markets other than the stock markets such as exchange rates, derivatives Jayaraman, Shastri and Tandon (1993) examine the effects of the ADRs listing on a sample of European and Asian stocks and find that variances of the underlying stocks are significantly higher after the introduction than before. Domowitz et al. (1998) show that liberalization can induce greater participation by foreign investors whose entry can reduce price volatility.
Miller ( suggesting that dual listing has diminished domestic volatility on subjacent stocks.
Results in this literature are far from conclusive. It is far from clear whether stock markets, exchange rates or derivative contracts are efficient and whether crosslisting can induce a reduction in volatility and foster domestic efficiency. Evidence is somewhat conflicting depending on the specific markets that are being analyzed and on the techniques that are used.
We will be focusing in this paper in testing whether the cross-listing for Brazilian stocks had any impact on domestic market efficiency. Using multivariate ratio statistics and nonparametric tests we build formal tests of the assumption that price dynamics for cross-listed companies moved toward a random walk after the listing.
Theory and Methodology
In this section we explore the variance ratio methodology and the sign test that will be used to assess whether there has been a statistically decrease in variance ratio 8 statistics after the launching of ADRs, which could be seen as evidence in favor of a move towards a price dynamics that resembles a random walk.
The variance ratio methodology
Let P t be the log of price, µ a constant drift parameter and ε t a random disturbance, white noise with normal distribution. Let P t be a stochastic process satisfying:
where r t is the return of one period.
Lo and Mackinlay (1989) exploit the fact that the variance of the increments in a random walk is linear in the sampling interval 5 . If a series follows a random walk the variance of its q-differences would be q times the variance of its first differences. That is ( 
To accept the RWH this ratio should be statistically indistinguishable from one.
Let the data consist of nq+1 observations, P P P nq 0 1 , ,........ , where both n and q are arbitrary integers greater than one, then the estimators for µ and σ 2 are:
The estimator σ a 2 is simply the unbiased sample variance of the first-difference of P t . The unbiased estimator of the variance of the qth differences is:
If the process follows a random walk then
should be close to zero. Then the standard homoscedastic Z 1 statistics is given by:
which has an asymptotically standard normal distribution. Let
and
The heteroscedasticity-consistent standard normal test-statistics Z q 2 ( ) is:
which is also asymptotically normal with zero mean and unit variance.
One of the problems found in the use of this statistics is that one can reject and accept the RWH for different investment horizons, which can lead to inconclusive results. Chow and Denning (1993) developed a multiple variance ratio test, which is similar to an F-test as the RWH requires that variance ratios (VR) for all investment horizons (q) be equal to one. 
for the homoscedastic case and
for the heteroskedastic case. 
which has a standard normal distribution. As we will be using a one-sided tail test the critical value happens to be 1.65.
In the next section we present the empirical evidence on variance ratio statistics for Brazilian ADRs and test whether a substantial change has taken place after the launching of ADRs.
Empirical Evidence
In this paper we use daily closing prices, from the Economatica Database, which is a commercial software package, of Brazilian stocks that traded in North-American stock exchanges or OTC markets. The series for stock prices in local currency are adjusted for dividends and bonuses. We compare results with series deflated by U.S. dollar in order to investigate for foreign exchange rate effects.
Data
We have 70 firms that issued ADRs since 1992. From these 32 were selected as there is enough number of observations in order to control for the power of the test conducted in this experiment. Corporations, which issued ADRs after 1998, were not considered (22 firms). Furthermore, those that issued simultaneously (or almost simultaneously) in the domestic and U.S. markets were not considered also.
Additionally, as Telebras has been privatized and split in 13 companies it was not included in the sample.
In over-the-counter ("OTC") market and on some exchanges outside the United States.
The company does not have to comply with U.S. Generally Accepted Accounting
Principles ("GAAP") or full Securities and Exchange Commission ("SEC") disclosure.
Essentially, a Sponsored Level-I DR program allows companies to enjoy the benefits of a publicly traded security without changing its current reporting process. avoiding SEC registration and to non-U.S. investors in reliance on Regulation S.
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As it is often found in the literature abnormal returns around the beginning of listing dates we use a one-month window before and after the listing. Thus, returns for the first sub-sample were considered only until one month before the listing began and for the post-listing period the series begin one-month after the listing has begun. We also perform a robustness check using the complete series.
Variance ratio tests
In table 2.a we present results for the entire period using local currency returns.
As we can see, using the multiple variance ratio statistic we reject the RWH for 26 stocks if we use the homoscedastic version of the variance ratio statistic. However, when one takes into account that most stocks traded are heteroscedastic we reject the RWH only for 10 stocks. and 21 stocks for the pre and post-listing periods (homoscedastic version) and for 12 and 11 stocks for the heteroscedastic statistic, respectively.
Evidence so far would suggest that if the difference between these two periods seems to be more pronounced using local currency returns. However, we use a nonparametric test to assess whether there has been a statistically significant change in the variance ratio statistics. We calculated the difference between the multiple variance ratio statistic (in absolute value) of the pre and post-listing periods for the heteroscedastic case for all stocks. If this difference is positive we attributed a positive sign for it and on the contrary a zero was attributed. We then have the statistic given in (15) which allows to test whether there has been a substantial change in the magnitude of these statistics 6 .
Using local currency denominated returns we found that for 23 stocks out of 32
we had a significant drop in the variance ratio statistics. The Z S -statistic is given by 2.30 that are high enough to reject the null that there is no significant change. If we use dollar denominated returns the results remain unchanged. Results so far were found using a one-month window before and after the listing. As robustness check we also perform sign tests for the complete series, which includes the two months surrounding the beginning of the listing. In local currency the Z s is equal to 1.94 while in U.S. dollar denominated returns this statistic is equal to 1.59 (we can only reject the null on a 90%
confidence level).
Our results are in line with the findings of Costa Jr. et al (2002), which found a significant change in autocorrelation coefficient for an equally weighted portfolio of Brazilian ADRs after the listing. Although the autocorrelation was significant before the listing (at the 90% confidence level) it lost significance after the listing 7 .
Evidence suggests that the Brazilian ADRs experience may be different from that found for other emerging markets. Our main results are in accord with the findings of Martell et al (1999) . They found no systematic change in volatility of stocks that followed ADRs listings in the U.S. markets when analyzing many emerging equity markets. However, he only studies Aracruz for the Brazilian stock market and in that case the return variance in the post-listing period divided by the return variance in the pre-listing period is 0.526, which indicates that volatility has significantly decreased in the post-listing period.
Conclusions
In this paper we tested whether the cross-listing of Brazilian stocks in the NorthAmerican stock market has had any significant change in domestic efficiency. Using a multivariate ratio statistic due to Chow and Denning (1993) and a nonparametric test we have found evidence suggesting that the magnitude of these variance ratio statistics have significantly decreased for the post-listing period, which can be seen as evidence in favor of a price dynamic that resembles more a random walk than in the former period.
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The evidence presented in this paper suggests that the issuance of ADRs has indeed increased domestic market efficiency. Our results are in line with recent literature on the impact of cross listing, which finds evidence of a decrease in volatility, an increase in liquidity and absence of significant autocorrelations after the listing begins.
Further research analyzing other emerging markets and testing whether results remain would be interesting. However, as Hargis (2000) pointed out one should control for differences in stock markets and other issues to test for the impacts of cross listing. 
